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Abstract 
For the shortcoming of single air source heat pump, single solar energy heat pump and switch solar-air dual heat 
source heat pumps, a new solar air two source heat pump was proposed. Then, the performance of the solar air two 
sources heat pump was studied by experiment. According to the characteristics of heating performance of the solar air 
two sources heat pump, two important concepts were proposed. The two concepts were "the two heat sources 
effectively compound heat transfer temperature difference" and "the max two heat sources effectively compound heat 
transfer temperature difference". And in this paper, the influence on the heating performance of the two heat sources 
effectively compound heat transfer temperature difference in different solar hot water flows, and the effect of the two 
heat sources effectively compound heat transfer temperature difference were researched by experiment and analyzed. 
The experimental results show, the max two heat sources effectively compound heat transfer temperature difference 
increased with solar hot water flow decreasing and it decreased with the outdoor air temperature increasing. The solar 
hot water flow has more influence than the outdoor air flow. 
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1. Introduction  
 For the poor heating performance of single air source heat pump (S-ASHP) in low temperature 
condition, domestic and overseas scholars try to improve the efficiency of the low temperature heating 
performance of S-ASHP through a new method. The new method was that the heat provided not only by 
air, but also by solar [1-10]. But the researches mainly focused on cascade compression and the 
technology of switching the two heat sources. In this paper, a new solar air two source heat pump (SA-
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MSHP) used an air liquid two heat source compound heat exchanger (THSCHE) [11] as the core 
component was proposed. It can realize refrigerant synchronous combined heat transfer with two 
renewable heat sources, air and solar hot water with different temperature. The new two source heat pump 
technology is helpful in improving the efficiency of heat pump. 
For SA-MSHP, the temperature difference of the dual heat source could have a significant influence on 
the heating performance. So two important concepts were proposed, which are "the two heat sources 
effectively compound heat transfer temperature difference" (THSECHTTD) and "the maximum two heat 
sources effectively compound heat transfer temperature difference"(MTHSECHTTD). THSECHTTD in 
different solar hot water flows and the effect of THSECHTTD on the heating performance of SA-MSHP 
were studied in this paper. 
2. Analysis of THSECHTTD 
The two low temperature heat resources of SA-MSHP were solar hot water and outdoor air. The 
temperature difference between the two heat resources has a significant influence on the heating 
performance of SA-MSHP. So this paper used the term "THSECHTTD" to define the temperature 
difference when the two heat resources can provide heat to SA-MSHP synchronously. Through 
experiment, when the temperature difference of the dual heat source increased to a certain value, it was 
found that the outdoor air will not provided heat to refrigerant, on contrary, it absorbed heat from solar hot 
water through refrigerant. The evaporation temperature of SA-MSHP was between the two heat resources 
temperatures, resulted in heat loss. So this paper further presented the concept of "MTHSECHTTD", 
namely the maximum effective temperature difference when the two heat resources can provide heat to 
SA-MSHP synchronously. The temperature difference of the dual heat source was in "the effective 
temperature difference range of the dual heat source" when it was less than MTHSECHTTD. At the 
moment refrigerant will absorb heat from both solar hot water and outdoor air, namely "the positive effect 
of heat-supply by the dual heat source". The temperature difference of the dual heat source will cause "the 
negative effect of heat-supply by the dual heat source" when it overran MTHSECHTTD. So based on the 
outdoor temperature and solar hot water flow, the inlet temperature of solar hot water must be chosen 
reasonable. This ensures that SA-MSHP runs in the effective temperature difference range of the dual heat 
source. 
3. Experimental 
The outdoor heat exchanger of the SA-MSHP adopts the THSCHE. The other main components of SA-
MSHP adopt the same 1HP S-ASHP. The tube-fin’s areas of the THSCHE were same to the outdoor heat 
exchange of 1HP S-ASHP. Refrigerant chooses R22 [12]. The water tank was 2m3. The heat and 
temperature provided by solar hot water are simulated by electric heating. Figure.1 is the diagram of the 
THSCHE. In the Figure, solar hot water flows in No.1 pathway. Refrigerant R22 flows in No.2 pathway. 
The flowing between solar hot water and refrigerant was reverse flow. The flowing between the outdoor 
air and refrigerant was cross-flow. In heat supplying conditions for SA-MSHP, through the THSCHE, 
refrigerant synchronously absorb heat from the two renewable heat sources, air and solar hot water. It was 
the run mode of SA-MSHP. 
The experimental table was set up in constant temperature and constant humidity laboratory. The 
laboratory has two experimental rooms and they were used as indoor environmental laboratory and 
outdoor environmental laboratory. Indoor unit and outdoor unit of the experimental heat pump were 
installed in the two experimental rooms correspondingly. The 2×0.3mm T thermocouple was selected for 
the experimental temperature measurement, it was calibrated and accord with GB/T2903-1998 standard. 
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Different temperature signals and analog signals were collected by Agilent 34970A data collector. The 
data acquisition time interval was 15s, and it was recorded by computer in time. The fan of the outdoor 
THSCHE was constant speed fan. So the speed of the outdoor air was constant in the experiment. Based 
on the economic flow speed and balancing the heat provided by the outdoor air, the flow of solar hot 
water choose three flows which were 0.2m3/h, 0.4m3/h and 0.6m3/h. Based on the room air conditioner 
standard (GB/T7725-2004) and experimental requirements, five experimental conditions of SA-MSHP 
and ASHP were adopted. The outdoor air dry-bulb and wet-bulb temperature of the five experimental 
conditions were shown in the table. The heating performance of ASHP and SA-MSHP were studied and 
compared by the experiment. The indoor air dry-bulb temperature was 20℃ and wet-bulb temperature 
was 12℃ in the three experimental conditions. 
4. Results and Analysis 
Figure 1 is the MTHSECHTTD with the changes of the outdoor air temperature at different solar hot 
water flow with the constant air speed. As shown in figure 1, MTHSECHTTD increased evidently with 
solar hot water flow decreased. It was mainly because the heat transfer efficiency drops obviously 
following the decrease of solar hot water flow. Although the speed of the outdoor air was constant, 
MTHSECHTTD decreased slightly with the outdoor air temperature increased. It was mainly because of 
the outdoor air flow decreased. The outdoor air specific volume was increased due to the increase of its 
temperature, which causes the outdoor air flow decreased. The outdoor air flow has less influence than 
solar hot water flow. In figure 1, within the effective temperature difference range of the dual heat source, 
solar hot water temperature was lower than 20℃ at every solar hot water flow. So it has important 
significance to expand the using scope and time range of solar energy. 
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Fig. 1 MTHSECHTTD in different solar hot water flow 
Figure 2 is the heating capacity of ASHP and Figure 3 is the heating capacity of SA-MSHP. As is 
shown in figure 3, under the specified conditions, heating capacity of SA-MSHP increased with 
THSECHTTD increasing. It was mainly because the proportion of heating capacity which was from the 
solar hot water increased. Heating capacity of SA-MSHP increased evidently with the outdoor air 
temperature increasing. In the high temperature heating condition and the outdoor temperature was 7℃, 
heating capacity of SA-MSHP was 1.2 times to ASHP when the temperature difference of the dual heat 
source was 5.7℃ which was MTHSECHTTD. In the ultra-low temperature heating condition and the 
outdoor temperature was -15℃ , heating capacity of SA-MSHP was 1.5 times to ASHP when the 
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temperature difference of the dual heat source was 8℃ which was MTHSECHTTD. So heating capacity 
of SA-MSHP was better than ASHP obviously. 
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Fig. 2 Heating capacity of ASHP                                                           Fig. 3 Heating capacity of SA-MSHP 
Figure 4 is the COP of ASHP and Figure 5 is the COP of SA-MSHP. As showing in figure 5, under the 
specified conditions, COP of SA-MSHP increased with THSECHTTD increasing. It was mainly because 
the proportion of heating capacity which was from the solar hot water increased. COP of SA-MSHP 
increased evidently with the outdoor air temperature increasing. In the high temperature heating condition 
and the outdoor temperature was 7℃; COP of SA-MSHP was up to 1.2 times to ASHP when the 
temperature difference of the dual heat source was 5.7℃ which was MTHSECHTTD. In the ultra-low 
temperature heating condition and the outdoor temperature was -15℃, COP of SA-MSHP was up to 1.5 
times to ASHP when the temperature difference of the dual heat source is 8℃ which was MTHSECHTTD. 
So COP of SA-MSHP was better than ASHP obviously. 
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Fig. 4 COP of ASHP                                                        Fig. 5 COP of SA-MSHP 
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5. Conclusions 
The experimental results show, THSECHTTD increased with solar hot water flow decreasing and it 
decreased with the outdoor air temperature increasing. The solar hot water flow has more influence than 
the outdoor air flow. At the same outdoor air temperature, heating capacity and COP of SA-MSHP were 
higher than ASHP obviously. With the outdoor air temperature drop, SA-MSHP has more remarkable 
advantages than ASHP on heating capacity and COP. So controlling the temperature difference within the 
effective temperature difference range of the dual heat source was the precondition of SA-MSHP working 
effectively. At different outdoor air temperature and solar hot water flow, reasonable choosing the inlet 
temperature of solar hot water was the key to increase heating capacity and COP of SA-MSHP. 
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